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Abstract 
  Ant has an important role as predator in the ecosystem of plantations as one of agroforestry 
systems in tropics. To control pest insects, ant species living on trees have been artificially induced 
in many fruits’ plantations. Probably, the function of arboreal ants will be more practical as 
biological control for plantation farming. However, human activities and environmental 
conditions under plantation habitats have altered the community structures of the arboreal ants, 
influencing on the interactions with other insects. Namely, for the efficient management of pest 
control with plantation farming, it is essential to understand the interactions of ants with other 
insects and arthropods in various crops and area.  
 The weaver ant Oecophylla smaragdina is a key predator in the fruit plantations in the tropical 
area from Africa, Southeast Asia, to Australia. In the present study, we had field research to 
examine the effects of O. smaragdina on insect and arthropod communities in the plantations of 
two fruit species, durian and citrus in Tarakan island of Borneo. In the plantations of three studied 
sites (A, B, and C), ants, insects and other arthropods on fruits trees were collected by branch 
beating sampling and the densities were investigated by counting of the individual number. 
 From March to September 2016 and March in 2017, total 64360 ant workers comprised of 22 
species were collected from 59 durian and 63 citrus trees at all sites. In site A, Tapinoma 
melanocephalum, a non-native species and O. smaragdina, a native species were dominant. In 
contrast, at site B and C where T. melanocephalum and Technomyrmex albipes a non-native 
species were dominant, arboreal ants almost co-occurred with the two species. Null model analysis 
of species co-occurrence revealed species segregation existed in only site A, suggesting that 
mosaic structure was constructed in the communities of arboreal ants in this site. 
  In herbivorous insects, 55649 individuals comprised of 61 species from 60 genera, 32 families 
and 5 orders were collected at three sites. In addition, 5533 individuals of Arachnids comprised 
of 84 species from 42 genera, 12 families were also collected. The species composition of 
 iii 
herbivorous insects was different among sites and fruit species. NMDS analyses showed the 
groups of herbivores could be classified, depending on the two factors. Furthermore, the collected 
number of seven ant species was significantly correlated with the classification based on NMDS. 
The species composition of insects in site A was characterized by T. melanocephalum, C. sewardi, 
and A. gracilipes, whereas that in site C was characterized by T. albipes and O. smaragdina.  
 As a result of the correlative analyses, the average number of O. smaragdina workers in tree had 
negative correlation with those of four insect groups, weevil, leaf-miner fly, other bugs and psyllid 
on durian trees in site A and C. In citrus trees, there was no negative correlation among dominant 
ants and insect groups. Average number of O. smaragdina was negatively correlated with those 
of four pest species, Hypomeces squamosus, Planococcus citri, Liriomyza sp. 1., and Allocaridara 
malayensis. In three species H. squamosus, P. citri, and A. malayanensis, the average number was 
significantly smaller in the trees with O. smaragdina nests. Furthermore, in site A where the eight 
territories of O. smaragdina colonies was confirmed, average number of Liromyza sp.1 and fruit 
border moth, Citripestis sagittiferella tended to be smaller in larger territories. The average of the 
two insects was also negatively correlated with the number of trees and nests in territories. Our 
study suggested that O. smaragdina decreased the densities of any herbivorous insects as pests for 
durian fruits and the larger territories with more trees and nests are further effective for excluding 
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1. General Introduction  
1.1 Background 
  Borneo island has various natural environments with high biodiversity, tropical forest, mountain, 
and sea. Until now, the natural resources and conditions have been explored and utilized as public 
activities. However, the conservation activities have been conducted for the protection of the 
natural environments and organisms and permanent utilization of natural resources. Human’s 
exploring for natural habitats implies the effective processes; (1) biotic communities are 
significantly changed; (2) the species composition and distribution are altered; (3) the interactions 
among species can also shift (Morris 2010). Therefore, for the efficient management of 
environments, it should be monitored how the biotic communities are altered under the 
constructions of the system in the exploring and utilization (McNeely & Schroth 2006, Malézieux 
et al. 2009). Agroforestry system (AF) is one of the exploring and utilization activities of the 
natural environments: mixed cultivation system, which consist of crop plants and animals in some 
forms of spatial arrangement or temporal sequences (Nair 1987, Aumeeruddy 1994, Sardjono et 
al. 2003, Luedeling et al. 2016). They can offer a variety of ecosystem services beyond the 
production of foods, nutrients recycle, regulation of microclimate condition, hydrological 
processes, and a more diverse farm economy (Altieri 1999, Sileshi et al. 2007, Jose 2012, Drescher 
et al. 2016). The plantation farming is one of the representative cases of agroforestry systems in 
tropical region of southeast Asia. In Borneo island, many plantations have been opened and 
managed and multiple crops and trees are mixed and planted (Siregar 2006, Winarni et al. 2017, 
Karyati et al. 2018).  Agroforestry systems including plantations supported a wider variety of 
organisms (Altieri 1999, Jose 2012), which there are animal species diversity is high under the 
conditions of multi trees (Malézieux et al. 2009, Jose 2012, Mazón et al. 2018). Agroforestry 
systems can be an effective system for the conservation of biodiversity (Schroth et al. 2004, Bos 
et al. 2007, Jose 2012).  
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  Agroforestry systems are known to be supported by existence of ants (Philpott & Armbrecht 
2006, Bos et al. 2007, Rizali et al. 2013). Ant is one of insect groups giving a heavy impact to the 
ecosystems as predators, preys, scavengers and symbionts in both degraded and natural habitats 
(Hölldobler & Wilson 1990, Lach et al. 2010). Specifically, the role as predators for herbivores is 
important for plantations, it has been confirmed that the ants had negative effects on herbivorous 
insects (Way & Khoo 1992, Offenberg 2015). The herbivorous insect communities on trees had 
species richness and biomass larger in tropical plantations than another community (Wilson 1987, 
Davidson et al. 2003). As shown in Figure 1, ants living on tree canopies have various 
relationships with them; mutualism (Boucher et al. 1982), competition and predation (Buckley & 
Gullan 1991). The effects of predation on other insects have particularly been reported in the 
plantations. For example, the black cocoa ant Dolichoderus thoracicus is controlling the minds 
Helopeltis theivora in cocoa plantations (Khoo & Ho 1992), and genus Crematogaster spp is 
capturing and retrieving large prey in arboreal insect (Richard et al. 2001, Castracani et al. 2017).  
Thus, arboreal ants have important role of pest control under the conditions of plantations.  
  Moreover, arboreal ants’ community structures are highly influenced by human activities (Morris 
2010). Simple forestry systems composed of a single or a few crop trees are often invaded by non-
native species, which tend to be more dominant than native species; this results in an increase in 
negative interactions (Sanders et al. 2003, Fayle et al. 2013). Additionally, in agricultural lands 
and disturbed secondary forests, the species composition and spatial distribution of arboreal ants 
frequently result in the formation of patterns that are referred to as ant mosaics. These are 
patchworks of territories dominated by different species that mutually exclude each other and 
display nonrandom patterns of species co-occurrences (Majer et al. 1994, Jackson, 1984, Blüthgen 
& Stork 2007). The development of ant mosaic is catalyzed by two significant factors, such as 
interspecific competition, including resource use patterns, and dominant species territoriality 
(Room 1975, Ribas & Schoereder 2002). The existence of mosaic structures has been well-
 3 
documented in plantations managed by farming activities, such as coffee, cocoa, and palm oil 
plantations (Majer 1976, 1992, Majer et al. 1994, Dejean et al. 1997, Philpott 2006, Fayle et al. 
2013, Perfecto & Vandermeer 2013). Such the structures of arboreal communities in the 
plantations might alter the interactions among the ants and other insects on trees, leading to the 
change of pest control effects. 
  From Southeast Asia to Northeast Australia, weaver ant Oecophylla smaragdina is a keystone 
predator species, most abundant and widely distributed (Crozier et al. 2010, Lach 2010). 
Therefore, Oecophylla species have been recognized as key animal for biological control in 
agroforestry systems (Van Mele 2008, Offenberg 2015). The effects of weaver ant on other insects 
and arthropods can be caused by two factors: rejection on others by the physical presence and 
disturbance and by chemical substances (Way & Khoo 1992, Offenberg 2015). In the plantations 
of mango and citrus fruits in Northern Australia, O. smaragdina decreased the densities of 
herbivores, leaf hopper Idioscopus nitidulus, weevil, Sternochetus mangiferae, the fruit fly, 
Bactrocera jarvisi and green weevil Hypomeces squamosus as pests of these crops (Peng & 
Christian 2004, 2005, Offenberg et al. 2013). The availability of weaver ant for the net income in 
farming activities was also proven. In Citrus and Mango orchard, it has been confirmed that the 
amount of net income is increased by using the pest control by O. smaragdina (Van Mele & Cuc 
2000, Peng & Christian 2009). On the other hand, Peng & Christian (2013) reported in cashew 
and mango plantations that the diversity of arthropods on trees was not affected by O. smaragdina. 
Furthermore, it is known that O. smaragdina decreased the visiting frequency and densities of 
beneficial insects as pollinators and parasitoids in the plantations of Rambutan and Mango (Tsuji 
2004, Appiah et al. 2014). They mean that the effects of O. smaragdina on other insects and 
arthropods were different among the environmental conditions including biotic and abiotic factors. 
Above mentioned, the community structures of arboreal ants including O. smaragdina also are 
strongly dependent on the conditions of the plantation habitats.  Namely they will lead the 
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construction of specific communities of ants, insects, and arthropods with the mutual interactions 
in the plantations (Fig. 1). Understanding the concept of interactions among insects and arthropods 
is needful aspect for the management of plantations as agroforestry systems (Offenberg 2015, 
Peng & Christian 2009).   
 
1.2 Organization of the dissertation 
  In the present study, we observed the effects of weaver ant O. smaragdina on insect and 
arthropod communities in the plantations of major crop fruits in Borneo island: durian and citrus 
fruits. The durian Durio zibethinus and citrus Citrus amblycarpa fruits are traditionally grown in 
the plantations of Kalimantan or Borneo island (Siregar 2006). Until now, about 20 and 54 species 
have been recorded as major pests of durian and citrus fruits (Waterhouse 1993). However, little 
is known about the communities of ants and arboreal insects in the plantations of the two fruits, 
especially durian. In these plantations, O. smaragdina lives on the tress and nests on the canopies 
in Borneo island, though the functions and interactions with other insects and arthropods are 
unclear yet. In this time, the following points were examined by field research in the plantations 
of durian and citrus in Borneo island: (1) species composition and community structures of 
arboreal ants, particularly the spatial distribution and the invasion of non-native species, (2) 
relationships among dominant ants and arboreal insect communities, and (3) the effects of O. 





2.1.1 Weaver ant Oecophylla smaragdina 
  The genus Oecophylla is composed of only two species, O. longinoda distributed in Africa and 
O. smaragdina (Fig. 2a) distributed from India, Southeast Asia to North Australia (Azuma 2006, 
Wetterer 2017). The body length of O. smaragdina worker is 5-8 mm, the body is colored with 
reddish-brown. The colony is composed of one queen and 100.000-500.000 workers. The nest is 
built on trees by weaving the leaves and one colony includes multiple nests on multiple trees, 
resulting in the construction of wide territory over the canopies on the trees (Hölldobler & Wilson 
1990). This ant is carnivorous, hunting and capturing other small insects and arthropods on trees. 
So, the fauna of arboreal insects and arthropods is drastically influenced by the predation pressure. 
It has been reported that O. smaragdina is predators for pest insects in the plantations (Hölldobler 
& Wilson 1990, Way & Khoo 1992, Peng & Christian 2004, 2005, 2009, Pierre & Idris 2013, 
Offenberg 2015).  In some cases, pest control for any crops is carried out by the induction of O. 
smaragdina (Peng & Christian 2005, Offenberg 2015).  
2.1.2 Ghost ant Tapinoma melanocephalum  
  Ghost ant T. melanocephalum (Fig. 2b) are widely distributed (Wetterer 2008). The body of the 
head is brown to blackish unless the abdomen is milky white that body size is small. The ghost 
ant are urban pest or tramp species and living too on plantations (Holway et al. 2002, Wetterer 
2008). In addition, the species was reported as invasive species in plantation (Wilson 1971, Asfiya 
et al. 2015) which they are living on leaf, flower, and tree trunk to build of nests. In Borneo island, 





2.1.3 White-footed ant Technomyrmex albipes  
  White-footed ant Technomyrmex albipes (Fig. 2c) are successfully distributed in the world as 
tramp species in South East Asia (Pfeiffer et al. 2008). The one of characteristic white-footed ant 
T.  albipes are all of body black-brown to black with tarsi of mid and hind legs yellow or white 
(Smith 1861). The ant is arboreal ants which there are many reported symbiose mutualism with 
Hemiptera group (Delabie 2001). 
 
2.2 Plants 
2.2.1 Durian Durio zibethinus  
  The durian is a tropical fruit from Southeast Asia. In Kalimantan, 14 of 18 species genus Durio 
are recorded as endemic species (Uji 2005). Species D. zibethinus was widely cultivated in 
plantations area which a distinctive feature of this plant has a hard and notched fruit skin that 
resembles thorns (Brown 1997, Uji 2005). In this study, the characteristics of this fruit tree 
generally are average 6.3 – 7.1 m high with a diameter of stem 30.3 - 40 cm, has a low root of the 
plant, the bark is initially smooth but eventually becomes longitudinally grooved have oval and 
round leaves, with leaves about 2 - 24 cm long and 3.5 to 8 cm wide. In addition, the canopy is 
average 6.2 – 6.3 m long (Fig. 3a). 
2.2.2 Citrus Citrus amblycarpa  
  Citrus is plants are large shrubs which the existence very large number of varieties (Dugo & Di 
Giacomo 2002).  C. amblycarpa is indigenous plant in West Java, Indonesia which the species is 
found in the hot and humid tropical lowland (Lim 2012). In this study, the characteristics of this 
fruit tree generally are average 2.7 – 4.5 m high with a diameter of 15.3 – 20.2 cm stem. In addition, 




3. Studied sites 
  Field research was conducted in the Tarakan Island of Borneo, Indonesia (Fig. 4). Here, the mean 
rainfall is 198.6 mm3 – 2008 mm3 per month. The mean temperature and humidity are 27.7 ℃ and 
84%, respectively. Three plantation sites were selected (Fig. 5): site A at Mamburungan 
(3°18'15''N, 117°37'12''E), site B at East Mamburungan (3°17'14''N, 117°38'1''E), and site C at 
Kampung Enam village (3°18'41''N, 117°38'1''E). The site A were found near of urban community 
and open land area. In site B, the site was inside of secondary forests. Moreover, in site C, near 
urban community and secondary forest. In inside and around of sites, we were found horticulture 
plantations which the crops were durians, citrus, banana, mangoes, maize, cabbage, cucumber, 
and other crops were planted and grown in all three sites. In the three sites, we set up the study 
area (the area: 2.0 ha) where many durian and citrus fruits were intensively planted. In site A and 
C, we selected 66 (durian: 44 and citrus: 22) and 30 (durian:15 and citrus: 15) trees as sampling 
trees, respectively (Table 1).  Whereas, only 26 citrus trees were selected in site B. During the 
research, though the farmers did not use the pesticide in the study area, weed killing and pest 
control were sometimes conducted with herbicide and any types of insecticide. However, such the 
management had little effects on ants, because the control for pests and weed was not so frequent.  
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4. Study methods 
4.1 Field collection of arboreal ants, insects and spiders 
  The collections of arboreal ants, insects, and spiders were conducted from March to September 
2016 and March in 2017. On trees in the studied sites, 10 branches (length: 50-80 cm, diameter: 
5-10 cm) were selected that ants were present on the branches were collected using the beating 
method. In addition, the number of ants walking on another 20 branches were also counted (Fig. 
6). For insect species such as mealy bugs, and fruit fly, we counted the number in the sampling 
point of these 20 branches.  
 
4.2 Observation of territories in dominant ants 
The horizontal positions of all selected trees were plotted on maps of each sites by measuring 
the distribution within the study area. Species collected in each site were classified as dominant 
species, if they met at least two the following criteria: (1) the collected number of workers was 
more than 5000 individuals in each site; (2) the frequency of collected workers was more than 
25% of all collected workers in the site; and (3) there were polydomous nests in the sites (> 2 nests 
per tree were common finding). In site A, the territory ranges of colonies in dominant species were 
estimated by the observation of aggressiveness among workers. From each tree, 10 workers of 
each dominant species were collected. Workers from different trees were put into a transparent 
plastic container (the diameter: 40 mm, the depth: 25 mm) and the response among them was 
checked for 2-5 minutes. If they were mutually attacked by aggressive behavior, biting or pulling, 
they were regarded as members of different colonies. In one observation for a pair of trees, 10 





4.3 Species identification of collected samples 
  The samples collection and counting were conducted 1-7 times in each site. All collected samples 
were stored in 99% ethanol and sorted in the laboratory. The species were identified using 
identification manuals and online resources i.e. Bolton (1997), and AntWeb.org (accessed on 
2017). They were classified as belonging to one of the following three categories using 
information from databases: native species (N), invasive or tramp species (I), and unknown (U) 
(AntWeb 2017, Pacific Invasive Ant Group 2017, Antmaps 2017). We identified the arboreal 
insects and spiders in the field and laboratory, species could only be identified to families and 
morphospecies. Some species we determined according to Kalshoven (1981) or information by 
online resources. The spider data had separated become some classified that are hunting spider 
and web weaver. 
 
4.4 Statistical analyses 
  The average number of ant workers collected in sampling on branch in each tree was calculated 
for examining of species composition and collection frequency in the sites. The comparison of ant 
species diversity was calculated by the Shannon-Wiener diversity index (H′) (Krebs 1989). The 
degree of overlap among species in a tree was assessed using the Pianka and Czekanowski niche 
overlap index (Pianka 1973, Albrecht & Gotelli 2001).  
  Principal component analysis (PCA) was used to evaluate whether that the ant was different 
among the sites or fruit trees. The PCA models are the difference in a fixed of variables in 
expressions of a smaller number of independent linear combinations (principal components) of 
variables. Each principal component is calculated by compelling a linear combination of an 
eigenvector of the correlation matrix with a variable. The eigenvalues represent the variance of 
each component (SAS Institute Inc 2014). For this study, PCA was examined arboreal ant and 
arboreal insect in each site. 
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  To identify the pattern of ants’ mosaic, we used C-scores the metric to asses of wide species co-
occurrence (Gotelli 2000, Pfeiffer et al. 2008, Fayle et al. 2013). In our study, C-score was the 
number of pairs of species and pairs of trees where each species occurs only once, and two species 
occur at different trees. The higher the C-score, the greater the number of non-overlapping species 
distribution. Randomization of the original matrix was used to create the distribution of C-score 
expected under the null model which assumes random species co-occurrence. C-scores were 
simulated 1000 times randomly for the null model. Standardized effect sizes (SES) were 
calculated to evaluate the difference between the observed and expected C-scores. Positive and 
negative SES values indicate segregation between species and aggregation, respectively. The 
analyses were conducted using the EcosimR function in the R package (Gotelli & Elison 2013).  
  The species composition of arboreal insects and ants in two fruit trees in studied sites was 
classified by using principal component analysis (PCA) and cluster analysis. In the cluster 
analysis, Wards methods and Euclidean distance were used for hierarchical clustering. Moreover, 
to examine the relationship among insect and ant communities, non-metric dimensional scaling 
(NMDS) analysis was conducted. The differences in the community structures were quantified 
using based on presence/absence of species. The similarity matrix was then reduced to a two-
dimensional ordination. The NMDS can be implemented using isoMDS function in MASS as R 
package. To evaluate the effects of ants on herbivorous insect species, the R-value (rank spearmen 
correlation) was calculated among dominant ants and functional insect groups. Furthermore, 
analysis of variance (one-way and two-way ANOVA) was used to estimate the effects of O. 
smaragdina on some pest insects. The statistical analysis of the data was performed using the 




5.1. Community structures of arboreal ants in the plantations 
5.1.1 Species composition of arboreal ants. 
  In 2016 and 2017, 64360 workers were collected from 59 durian and 63 citrus trees in the three 
sites (Table 1). They were comprised of 22 species from 16 genera and five subfamilies (Table 2). 
The species composition was significantly different among three sites (χ2=22413.2, P<0.01, G-
test). The average number of workers and species (/branch/tree) was larger in site A than at other 
two sites. The species diversity in site A was also higher (Table 1). We were found the 7-16 
number of species on the tree in Site A and B whether the average of species were 1-10 species 
on trees. In addition, there is the 1-8 number of species on trees in site C whether the average of 
species was found 1-14 species on the tree in Site C (Fig. 7). 
  The frequency of workers of T. melanocephalum, O. smaragdina and T. albipes occupied more 
than 60% of all workers collected in each site (Table 2). They usually monopolized the trees by 
nesting in branches and trees and building weaver nests on tree, therefore they were regarded as 
dominant species (Fig. 8). In all collected species, only five species, T. melanocephalum, T. 
albipes, Anoplolepis gracilipes, Iridomyrmex anceps, and Trichomyrmex destructor were 
identified as non-native species (Table 2). However, the workers of non-native species were 
collected in all sampling trees in all sites. Furthermore, more than 60% of all workers collected in 
each site were occupied by those of non-native species (site A: 74.5%, site B: 80.7%, site C: 
66.1%). Particularly, T. melanocephalum workers occupied more than 50% in site A and B. 
5.1.2 Classification and structures of ant communities 
  PCA of the data collected from 122 trees identified two main groups of ant communities with 
one group in site A and B and another group in site C, though the groups were not identified on 
the basis of the type of fruit trees from which the ants were collected. The first and second principal 
component explained only 11.6% and 8.3% of the variance of the communities respectively (Fig. 
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9). The ant communities in site A and B were comprised of T. melanocephalum, O. smaragdina, 
and other subdominant ants, whereas the community in site C primarily comprised T. albipes. The 
ordinations of principal component suggest that the habitats of T. melanocephalum and T. albipes 
tended to be separated, however O. smaragdina were coexisting with them.  
  Figure 10 were showed the observed C-score index and frequency distribution of C-scores 
expected using null models in three studied sites. For site A, the observed C-score was 
significantly different from the mean value under null model (P<0.001, Table 3), i.e. species 
segregation was found in arboreal ant communities. In this site, two dominant species had multiple 
colonies (T. melanocephalum: six colonies, O. smaragdina: five colonies). Figure 11 shows the 
spatial distribution of territory ranges of the colonies. Within and among species, the distribution 
tended to be spatially segregated, though that certain large territories overlapped. Additionally, 
the average number (/branch/tree) of T. melanocephalum workers was negatively correlated with 
that of O. smaragdina workers (R2=0.08, P<0.05). Probably, the two dominant species mutually 
avoid the overlap of territories. On the other hand, in site B and C, the observed C-scores were 
close to the mean values (Fig. 10) and the differences were not significant (Table 3). Ant species 
in these two sites therefore co-occurred. Especially, the overlap index among species was highest 
in site B (Table 3). In addition, the spatial distribution of the trees where they were dominant 
tended not to be overlapped on durian tree in Site A (Fig. 11), showing the distribution pattern 
called "ant mosaic." 
5.1.3 Relationships among dominant ants and the species diversity  
In the three sites, many trees were occupied by workers of a few dominant species.  The average 
number (/branch/tree) of T. melanocephalum and T. albipes workers. Both considered to be 
invasive and tramp species, was negatively correlated with the species diversity of arboreal ants 
at trees in all sites (Fig. 12). However, the average number of O. smaragdina workers had no 
significant relationships. This suggests that the invasion and domination of non-native species 
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decline the species number in trees and is associated with a reduction in species diversity of the 
arboreal ant community in fruit plantations.  
 
5.2 Relationships among ant and arboreal insect communities in the plantations 
5.2.1 Species composition and classification of arboreal insect communities 
  From 2016 to 2017, we collected 55649 individuals of herbivorous insects, comprised of 61 
species from 60 genera, 32 families and 5 orders at three sites (Supplementary Table 1 and 2). In 
addition, total 5533 individuals of Arachnids comprised of 84 species from 42 genera, 12 families 
were also collected in the three sites (Supplementary Table 3 and 4). The insects and spiders were 
mainly collected on the surface of leaves, flowers and fruits.  Some insect and spider species were 
collected on branches and trunk of trees. 
  The species composition was remarkably different among sites and fruit species (site: χ2=1961.4, 
P<0.01, fruits: χ2=4592.5, P<0.01, G-test, Fig. 13). In citrus fruit tree, more than 90% of them 
occupied by insect group of order Hemiptera including aphids and mealy bugs (Site A: 95.6%, 
site B: 98,1%, site C: 98.3%, Fig. 13). On the other hand, in durian trees, more than 60% was 
occupied by insects of Hemiptera including the family Cicadellidae, Carsidaridae, 
Pseudococcidae, and Aphididae (Fig. 13). In site A, any species of order Coleoptera, Lepidoptera, 
and Diptera were also collected. Through the all sites, dominant species were as follows: plant 
hopper Idioscopus clypeus, mealy bug Planococcus citri, green weevil Hypomeces squamosus, 
leaf miner fly Liriomyza sp.1, aphids Aphis tavaresi, and durian psyllid Allocarsidara 
malayanensis, leaf beetle Aulacophora similis, stink bugs Cappaea taprobanensis, and citrus fruit 
borer Citrispestis sagittiferella (Fig. 14). Of the nine species, H. squamosus, A. malayanensis and 
P. citri were pest insects for durian and A. tavaresi, C. taprobanensis, C. sagittiferella, P.citri, and 
H. squamosus were pests for citrus fruits (Kalshoven 1981, Waterhouse 1993).  
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  As a result of PCA analyses for 122 trees, the arboreal insects could be classified with some 
groups of sites and crops (Fig. 15). The first and second principal component explained on only 
7.4% and 6.3% of the variance of the communities respectively. The ordinations of principal 
component indicated that the habitats of arboreal insect tended to be separated. Insect group of 
sites were classified by the first principle component, whereas the groups of two fruits were 
classified by the second principle component. As shown Fig. 15(b), the arboreal insect 
communities on citrus trees in site A and B were mainly characterized by P. citri, H. squamosus, 
and A. tavaresi, whereas the community on durian tree in site A were A. similis, and Liriomyza 
sp.1. In addition, the arboreal insect on durian tree in site C mainly comprised of A. malayanensis, 
I. clypeus, and C. sagittiferella. 
5.2.2 Relationships among communities of ants and herbivorous insects 
  Figures 16 shown the clustering of species composition in ants and herbivorous insect in tree of 
durian and citrus fruits. The patterns of clustering are similar between ant and insect groups; the 
groups on durian trees in site A and C tended to be independently classified, though the 
classification between fruits was unclear. Also, the clustering of insect group was not accordance 
with that ant group. However, the NMDS analysis showed that insect groups were clearly 
classified with sites and fruits (Fig. 17). In similar to the result of PCA (Fig. 15), insect groups of 
sites and fruit species were classified by NMDS1 and NMDS2 respectively. The correlation of ant 
species composition with the classification by NMDS was analyzed for nine ant species which of 
the average of collected number was more than 0.1 in all sites. In seven of abundant species, the 
correlation with the NMDS was significant (T. albipes: R2=0.23, P=0.0002; T. melanocephalum: 
R2=0.22, P=0.0002; C. sewardi: R2=0.11, P=0.0008; T. destructor: R2=0.07, P=0.01; I. anceps: 
R2=0.06, P=0.015; O. smaragdina: R2=0.05, P=0.02; A. gracilipes: R2=0.05, P=0.03). The 
ordination of correlation in each species was shown in Fig. 17. The species composition of insects 
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in site A was characterized by T. melanocephalum, C. sewardi, and A. gracilipes, while that in 
site C was characterized by T. albipes and O. smaragdina.  
 
5.3 Effects of weaver ant O. smaragdina on arboreal insects and spiders 
5.3.1 Relationships among ants, insect groups, and spiders 
  To evaluate the effects of ants on herbivore as pests of durian and citrus fruits, we classified all 
herbivore insects with the following 11 categories of functional groups due to scientific 
classification and foraging traits; 
(1) Leaf beetle: beetles specialized for eating leaves, flowers, pollen, nectar and other plant 
parts, belonging to the family Chrysomelidae, Meloidae, Cerambycidae, Mordellidae, and 
other families of the order Coleoptera. This group include leaf beetle, Lizard beetle, Long 
horn beetle, Sap beetle, Pintal beetle, and Soldier beetle. 
(2) Weevil: beetles belonging to the Curculionidae superfamily in Coleoptera. 
(3) Fruit fly: tephritid fruit fly in the family Tephritidae in the order Diptera. 
(4) Leaf-miner fly: flies feeding the leaves belonging the family Agromyzidae in Diptera. 
(5) Moth and Butterfly: larvae and adults of lepidopterans in the order Lepidoptera. 
(6) Mealybug: unarmored scale insects in the family Pseudococcidae of the order Hemiptera. 
(7) Aphid: small-sucking hopper of the family Cicadellidae of Hemiptera. 
(8) Psyllid: small-sucking insect of the Psylloidea superfamily in Hemiptera.  
(9) Leafhopper: small-sucking hopper of the family Cicadellidae of Hemiptera. 
(10) Other bugs: other sucking bugs, sap-sucking bugs, and stink bugs of Hemiptera, including 
the family Lygaeidae, Corediae, Pentatomidae, and any families. 
(11) Thrip: thrip of the family Thripidae in the order Thysanoptera. 
  Table 4 shows the correlation among the average number in durian and citrus tree of each insect 
group and three ants which were dominant in each site. There were significant correlations in 12 
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relationships. In citrus fruit, there was no negative correlations and T. melanocephalum had 
positive correlation with leaf-miner fly, mealybug, and aphid in group in site A and Site B. 
Additionally, T. albipes had positive correlations with mealybug, aphid and psyllid in site C. 
Probably it is because that T. melanocephalum and T. albipes tended the colonies of these insect 
groups on citrus fruit trees. Also, in durian tree, T. melanocephalum had positive correlation with 
fruit fly in site A.  In contrast, O. smaragdina had negative correlations in durian trees of site A 
and site C; weevil, leaf-miner fly, and psyllid. It suggests that only O. smaragdina that of dominant 
ants gives negative effects on any herbivores on durian trees. 
  The relationships among dominant ants and spiders on trees were also examined. All spider 
species were classified with two groups, due to the foraging traits and hunting behavior; hunter 
and web weaver groups. The correlation among the average number in durian and citrus tree of 
the dominant three ants and the two groups of spiders, and other seven dominant species. Total 10 
significant correlations were confirmed. There were only three negative interactions among O. 
smaragdina and spider groups in durian trees of site A (Table 5). Although the R-value was high 
in the interactions in site C, it was caused by the small number of samples. Therefore, it appears 
that the effects of ants on the spider communities are not so strong on durian and citrus fruits trees. 
5.3.2 Effects of O. smaragdina on herbivorous insect species 
  During the research period, we observed O. smaragdina workers interacting with pest insects, 
hunting and foraging on durian trees (Fig. 18). Next, the correlations of O. smaragdina with each 
species in insect group was investigated. In 10 species of three groups, the relationships were 
tested with linear regression analysis. In results, the significant correlations were confirmed in 
three species: green weevil H. squamosus, leaf miner fly Liriomyza sp.1, and durian psyllid A. 
malayanensis (Fig. 19). The weak correlation was also confirmed in mealybugs P. citri. 
Furthermore, the average number in tree was significantly different between trees no and with 
nests of O. smaragdina in the three species (H. squamosus, t=0.0021, P=0.004; P. citri, t=0.013, 
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P=0.02; A. malayanensis, t=0.014, P=0.02). though there was no difference in Liriomyza sp.1 (Fig. 
20). They suggest that O. smaragdina decreased the densities of some herbivorous insect species 
on durian trees in the plantations. 
5.3.3. Effects of territories of O. smaragdina 
  The effects of spatial distribution in O. smaragdina colonies on the densities of herbivorous 
insects was also investigated in site A where ant mosaic pattern was observed in the ant community 
structures. In this site, six O. smaragdina territories composed of 2-10 trees (a-f) and two isolated 
trees with the nests (g and h) have been confirmed (Fig. 21). The relationships among the densities 
of O. smaragdina and insect species were examined in the eight territories. In the analyses, the 
data of citrus trees were excluded. For example, in the territory c was composed of four durian 
and 13 citrus trees, the count data of only durian trees was used in the analyses, because the 
existence O. smaragdina was not so effective on herbivorous insects using citrus trees.  
  In the territories of the site, the number of nests was positively correlated with the number of 
trees which were included by the territories (R2=0.4, P<0.0005), meaning the large colonies with 
more nests had large territories composed of more trees. Average number of O. smaragdina 
workers (/branch/tree/collection time) was significantly different among the territories (two-way 
ANOVA, Tukey-Kremer test, Fig. 22). It was larger in larger territories (a, b, c, and d) than in 
small ones (e, f, g, and h). Furthermore, average number of the two pest insects, leaf-miner fly, 
Liromyza sp.1 and fruit borer moth, C. sagittiferella was significantly different among the 
territories. They tended to be larger in the territories where the number of O. smaragdina workers 
was smaller (Fig. 22). 
  Figure 23 shows the relationships among the average of two pest insects and the average number 
of O. smaragdina workers, the number of trees and O. smaragdina nests in each territory. There 
were negative correlations among the average number of O. smaragdina and two pest insects (Fig. 
23a, b). Besides, the average of two insects was also negatively correlated with the number of 
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trees and nests (Fig. 23c, d, e, f). They suggest that larger territories with more trees and nests are 
effective for excluding these two pest insects.  
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6. Discussion and Conclusion 
6.1 Ant community structures in the plantations of durian and citrus 
   The present study has revealed the structures of arboreal ant communities in the plantations of 
durian and citrus fruits in Tarakan island. The ant communities in the studied sites were dominated 
by only a few species, T. melanocephalum, O. smaragdina and T. albipes, which are dominant 
species in a spectrum of diverse environments ranging from the secondary forest to the urban areas 
of Java, Celebes, and Kalimantan (Rizali et al. 2008, Rizali et al. 2011, Asfiya et al. 2015). It has 
previously been reported that arboreal ant communities of southeast Asia are composed of these 
ants (Pfeiffer et al. 2008, Elwood et al., 2016). However, the spatial distribution pattern of ants 
was different among three sites. Similar observations in other studies of plantations have also been 
made. Ribas and Schoereder (2002) tested whether 14 ant comunities in various crop plantations 
fit to the prediction of ant mosaics model and showed the model to be valid in only about half of 
these cases.  
  In site A where T. melanocephalum and O. smaragdina were dominant, non-random spatial 
segregation was clear, suggesting that an ant mosaic may be present. In this site, the distribution 
of territory ranges of colonies in T. melanocephalum and O. smaragdina was likely to not be 
spatially overlapped. Probably, the species segregation is due to the distribution pattern. Spatial 
distribution of arboreal ant assemblages is affected by several factors, including interspecific 
interactions and territoriality of dominant species. In general, invasive species including T. 
melanocephalum heavily impacts their enviroments as competitors on other ants (Holway et al. 
2002, Dejean et al. 2010, Falcão et al. 2017). Also, O. smaragdina is aggressive towards other ant 
species, defining its territory over multiple trees (Hölldobler & Wilson 1990, Van Mele 2008, 
Devarajan 2016, Diamé et al. 2017). The interspecific interactions with territoriality may be one 
of the factors giving rise to the species segregation. However, the effects on other ant taxa was 
different between the two species. The increase of O. smaragdina workers did not reduce the 
species diversity of ants in trees. As a reason, native ants that act as subdominant species could 
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defend overlapping territories in the same way as dominant species (Leston 1973). The species 
segregation among dominant species and the interactions of O. smaragdina with other ants appear 
to lead to high diversity of arboreal ants in site A. It indicates that native species as dominant 
species construct arboreal ant communities with high species diversity.  
  In contrast, species segregation was not observed in site B and C where T. melanocephalum and 
T. albipes were mainly dominant. The absence of species segregation could due to several factors. 
First, the subordinate ant community has could be disassembled by T. melanocephalum and T. 
albipes. In many of the trees, >90% of the ants collected were these two species in these sites. 
They are strong competitor of other ants and frequently exclude them, particularly in disturbed 
habitats (Holway et al. 2002, Pfeiffer et al. 2008, Klimes et al. 2011). Moreover, it has been 
suggested that the presence of dominant competitors increases the randomness of co-occurance in 
the subordinate ant communites (Gotelli & Arnett 2000, Sanders et al. 2003, 2007). Such 
behaviour leads to weaker separation of ant species. Second, severe disturbance to ant habitats 
increases the degree of species segregation (Floren et al. 2001). Particularly, the plantation in site 
B was established near the secondary forests and trees other than durian and citrus were present 
within and around the plantation. Therefore, it is possible that the native ant communities move 
to the canopies of other native trees, resulting in the random distribution of native ants in durian 
and citrus fruit tress. To confirm this, the spatial distribution of ant species on the canopies of the 
native trees should be investigated in this site. Third, the number of observed trees in site B and C 
may be insufficient for robust statistical analyses. The number of observed tress in site A, where 
spatial segregation was clearly observed, was more than twice that in theses sites. Ant populations 
from additional trees in site B and C should be evaluated to increase statistical robustness. 
However, the increase of T. melanocephalum and T. albipes workers had negative effects on 
species diversity of arboreal ant communities. This suggests the invasion and domination of non-
native species disassemble the spatial structures and reduce species diversity of arboreal ant 
communities in the fruit plantation.  
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6.2 Relationships and effects O. smaragdina on herbivorous insects and spiders 
  The species composition of herbivores was classified by the sites and fruit species. The 
classification was correlated with the species composition of ants, especially in site A and site C. 
In site B, the correlation was not so significant, suggesting that the effects of ants on insect fauna 
are not so strong. Probably, it is caused by any reasons. The ant community was dominated by 
only T. melanocephalum as non-native species. As it has been suggested, the invasion of this ant 
may exclude not only diverse ants but also other insects. the species diversity of herbivorous 
insects lower in this site, so that only citrus fruit trees were planted and only herbivores specialized 
for citrus fruits were dominant. Such the simplification of ants and herbivores communities 
appears to induce the weak interactions among them. Moreover, the insect communities perhaps 
were influenced by the environments around plantations, patch size, the distribution of crops, 
center or edge and human activities (Andow 1991, Olson & Andow 2007, Magura et al. 2016). 
Whereas, the species composition of insects in site A and C was characterized by three species T. 
melanocephalum, C. sewardi, and A. gracilipes, and two species T. albipes and O. smaragdina 
respectively. They indicate that there are relationships among the communities of ants and 
herbivorous insects in these sites.  
  In this study, the five species, H. squamosus, P. citri, Liriomyza sp.1, A. malayensis, and C. 
sagittiferella were decreased by O. smaragdina. Our study supported results likewise about 
biocontrol of insect pest by O. smaragdina that there are many reported the weaver ant O. 
smaragdina were protected tropical crop by pests (Way & Khoo 1992, Offenberg 2015). For 
instance, the are three major species in the cocoa tree (Forbes & Northfield 2017), there are many 
pest in mango orchard (Peng & Christian 2005), and then some pest insect in citrus tree, African 
mahogany, and Pongamia tree (Van Mele & Cuc 2000, Peng & Christian 2009, Hoseti & Rudresh 
2012). According Way & Khoo (1992), there are three mechanism O. smaragdina can control 
insect pest that are preying, chemical deterring, and annoying. Furthermore, as the other 
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explanation, the behaviour of O. smaragdina can control only five pest insect species in the studies 
sites. For case, green weevil H. squamosus is phytophagous which is consume of young leaves, 
and suddenly are dropping when receiving a disturb (Hutacharern & Sabhasri 1985), whereas O. 
smaragdina are aggressive and also nest building in young leaf (Lokkers 1990). The condition 
will make O. smaragdina more easier streching H. squamosus than other insects. For insect P. 
citri and A. malayensis, they are inactive or immobile when pre-adult (Kalshoven 1981, Gadung 
& Hussein 1987), which there is possible capture by O. smaragdina, and they have impact of 
semiochemical by O. smaragdina in this phase. While, Liriomyza sp.1 and C. sagittiferella are 
laying the egg in leaf and fruit (Kalshoven 1981, Zhao & Kang 2002) where O. smaragdina has 
access to annoying them. 
  The colonies of aphids and mealybugs were found abundantly in citrus plants. Also, T. 
melanocephalum, T. albipes, and O. smaragdina were dominant. In this study, the activity of 
farmers is the harvesting of fruit which is possible as a trigger for the growth of new shoot and 
flowers in the citrus tree. According to Delabie (2001), Homoptera groups have favour to exist in 
new shoot, young leaves and flowers, so aphids and mealybugs were splendidly growth. On the 
other hand, ants and Homoptera use honeydew from both of species (Styrsky & Eubanks 2007, 
Lokeshwari et al. 2015). However, only O. smaragdina had a negative effect on other insects. 
There are possible is the ability of O. smaragdina for prey on and foraging more better than T. 
melanocephalum and T. albipes. In addition, due to the competition between T. melanocephalum 
and O. smaragdina that the O. smaragdina were explored other resource or niches in the citrus 
tree. According to Blüthgen and Fiedler (2002) the dietary is an essential factor in foraging 
activities, but habituation, previous experience or changes in colony requirements may be 
involved in foraging decisions is also important. 
  The existence of nest is important for support activities workers of O. smaragdina. The ant 
species had preferred to build a nest at the new or young leaf (Lokkers 1990, Offenberg et al. 
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2006), and the nest organization is polydomous (Hölldobler & Wilson 1990).  In this study, The 
existence of O. smaragdina was significant influence to pest control in each group of worker. The 
results were indicated the presence of O. smaragdina nests and group of workers have relationship 
affect on pest insect in large territories, especially for Liriomyza sp.1 and C. sagittiferella. 
Whereas, both of these species are known to be found in many plants (Kalshoven 1981, 
Waterhouse 1993, Zhao & Kang 2002) which possible were occupied many trees in the studied 
site. However, they have stretching by O. smaragdina which has built large territories too. 
According to Hölldobler (1983), O. smaragdina can cover area more than 1500 m2 areas with 21 
main trees, where the division of tasks in identifying enemies and carrying out attacks has been 
divided to reduce the cost of predation activities. 
For other arthropods, we found the negative relationships among O. smaragdina and two of group 
of spider which is hunting and web spider. It indicates there are competing among two group of 
predators. According to Police et al. (1989) there are any potential compete between the ants and 
spider or intra-guild predation. Furthermore, we found no relationship or positive relationship 
among O. smaragdina and dominant spider. In previous study, the predators may co-exist and 
complementary effect on the plant (Rákóczi & Samu 2014, Stefani et al. 2015) or mutual predators 
(Sanders & Platner 2007). The other reason, foraging activity of O. smaragdina more distributed 
than spider in lower and parts of canopy which the spider consist of hunting spider and web weaver 
spider. According to Schmitz and Suttle (2001) the density of arborel insects was significant 
reduced in lower canopy by sit pursue and hunting spider whereas there were not significant in 





  Our research revealed that the community structures of arboreal ants in fruit plantations consist 
of native and non-native species. Native ant, O. smaragdina having the territories patchily 
distributed on crop trees, had negative effects on five herbivorous insects on only durian trees. 
Three species of them, green weevil H. squamosus, Mealybug P. citri, and Durian psyllid A. 
malayensis were major pest species for durian fruits in southeast Asia. Other two species, leaf-
miner fly Liromyza sp.1 and citrus fruit border, C. sagittiferella were also major pests for citrus 
and other fruits. They suggest that O. smaragdina has a potential as key species of pest control in 
durian and other fruits. However, to ensure the availability of O. smaragdina for pest control, we 
should have more field experiments and research to test whether this ant control of outbreak pests 
or whether the productivity of crops is higher. They might lead to the efficient management of the 
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Fig. 1 The Diagrammatic interactions among weaver ants O. smaragdina and other insect 
and arthropods in fruit trees. The negative, positive and question symbols represent 







Any Aphids, Mealybugs 
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Fig. 2 Ants: (a) Weaver ant Oecophylla smaragdina; (b) Ghost ant Tapinoma 
melanocephalum; (c) White-footed ant Technomyrmex albipes. 
  


















































































































Fig. 5 Photograph of studied sites 
Site A  
Site B  







































































Fig. 7 Frequency distribution of species number and average of workers in tree at three sites 
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Fig. 9 Biplot for the data of frequency and species composition of ants collected in 122 trees 
of three sites. (a) First and second principal components of ordinations of the trees. The circle, 
rhombus and triangle symbols represent site A, B, and C respectively.  Black and white 
symbols mean durian and citrus trees. (b) The ordinations of the ant species. The names were 


















Fig. 10 The observed C-score index (broken lines) and the frequency 



















































Fig. 12 Relationship between average number of workers in dominant species and the 

















































Fig. 13 Rate of insect group in arboreal insect communities at three studied sites.  
  
Site A_Durian Site A_Citrus 
Site B_Citrus 





























Fig. 14 Photograph of any dominant species. (a) Aphids A. tavaresi; (b) Mealy bug 
P. citri; (c) Mango hopper I. clypeaus; (d) leaf miner Liriomyza sp.1; (e) durian psyllid 
A. malayensis; (f) green weevil H. squamosus; (g) leaf beetle A. similis; (h) moth 
Lepidoptera C. sagittiferella; (i). Other Hemiptera Stink Bugs C. taprobanensis 
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Fig. 16 Hierarchical clustering of species composition in arboreal (a) ants and (b) herbivorous 
insects. In the clustering, Ward’s methods and Euclidean distance were used. The number colored 
with red, blue, and green mean tree No in site A, B, and C respectively. Black and white circles 















































































































































































































































































Fig. 17 Biplots of species composition in arboreal insects and ants by NMDS. The symbols 
circle, rhombus and triangle, mean site A, B, and C respectively.  Black and white symbols 
mean durian and citrus trees. The ordination of ant species which had significant correlation 
































Fig. 18 Photograph of O. smaragdina workers on durian trees. (a) and (b) 





























Fig. 19 Correlation between average number of O. smaragdina workers and four pest 
insects, H. squamosus, P. citri, Liriomyza sp. 1, and A. malayensis in durian trees at site 
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Fig. 20 Comparison of average number of three pest insects among trees with and no 
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Fig. 21 Spatial distribution of O. smaragdina territory in site A. Large and small circles mean 
durian trees with and no O. smaragdina workers. Triangle symbol means citrus fruit tree. 

































Fig. 22 Average number of O. smaragdina and two pest insects collected in durian trees of the 
eight territories. Average of collected number (/branch/tree/collection time) was compared by 
using two-way ANOVA. Bar means standard error. Asterisk (*) means significant difference of 

















































Fig. 23 Relationships among the average number of two pest insects and average number 
of collected O. smaragdina workers (a, b), tree number (c, d), and nest number (e, f).  
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Table 1.	 Collection data and characteristics of ant communities at the studied sites. In the 
index of niche overlap, the average pairwise niche overlap among species was shown. 
Site A B C 
Area of studied site (ha) 2 2 2 
Number of observed trees 66 26 30 
Number of each crop species       
 Durio zibethinus 44 0 15 
 Citrus aurantiifolia 22 26 15 
Collection data    
Species number of collected ants 22 21 15 
Total number of collected ants 53461 7203 3696 
Average of species number in tree (range) 11.3 ± 1.6 10.5 ± 2.1 3.9 ± 1.7 
 (8-15) (7-16) (1-8) 
Average of collected number in tree (range) 810 ± 400.1 277 ± 89.2 123.2 ±8 3.8 
 (202-2202) (120-561) (14-309) 
Species diversity index    
 Shannon-Wiener index (H) 1.75 1.67 1.02 
Overlap index    
 Pianka index (α) 0.16 0.26 0.13 




Table 2.  Species composition of ants collected at the three studied sites.  By the life history, 
they were classified with three groups: native species (N), invasive or tramp species (I), and 
unknown (U). 
Subfamily Species Group 
Site A Site B Site C 
N (%) N (%) N (%) 
Ponerinae Ponera sp.1 N 4 0.01 1 0.01 0 0 
Dolichoderinae Dolichoderus sp. 1 U 2 0.001 2 0.03 8 0.2 
  Iridomyrmex anceps I 3771 7.1 371 5.2 64 0.2 
  Philidris sp.1 N 786 1.5 71 1.0 1 0.03 
  Tapinoma melanocephalum I 26808 50.5 4020 55.8 45 1.2 
  Tapinoma sp. 1 U 288 0.5 45 0.6 30 0.8 
  Technomyrmex albipes I 3945 7.4 383 5.3 2363 63.9 
Formicinae Anoplolepis gracilipes I 2325 4.4 697 9.7 11 0.3 
  Oecophylla smaragdina N 8131 14.6 294 4.1 1033 27.9 
  Camponotus sp. 1 N 57 0.1 7 0.1 1 0.03 
  Polyhachis sp. 1 N 29 0.05 47 0.7 8 0.21 
Pseudomyrmicinae Tetraponera sp. 1 N 325 0.6 66 0.9 8 0.21 
  Tetraponera sp. 2 N 49 0.1 1 0.01 0 0 
Myrmiciane Crematogaster sewardi N 2121 4.0 592 8.2 18 0.5 
  Crematogster sp. 1 N 806 1.5 65 0.9 48 1.3 
  Crematogster sp. 2 N 145 0.3 14 0.2 0 0 
  Trichomyrmex destructor I 2712 5.1 341 4.7 20 0.5 
  Monomorium sp. 1 U 402 0.8 0 0 0 0 
  Monomorium sp. 2 U 140 0.3 37 0.5 0 0 
  Tetramorium sp. 1 U 586 1.1 119 1.7 38 1.0 
  Tetramorium sp. 2 U 32 0.1 26 0.4 0 0 
  Pheidole sp.1 U 16 0.03 4 0.06 0 0 
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Table 3. The observed C-scores (Obs.), mean metric values under null models, standardized 
effect sizes (SES) and p-values (one-tailed t-test) for arboreal ant communities in three studied 
sites.  Large C-score SES values indicate a greater degree of species segregation than would be 
expected at random.  
 
 C-score 
Study site Obs. Mean null SES P 
A 70.5 69.1 2.82 <0.001 
B 10.4 10.2 1.23 0.11 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Supplementary Table 1 Species list of insects in durian plantations of site A and C 
Functional Group Order Family Species 
Average/Site 
A C 
Leaf beetle Coleoptera Meloidae Epicauta sp.1 0.0035 0 
Leaf beetle  Cerambycidae Unknown sp.1 0 0 
Leaf beetle  Chrysomelidae Aulacophora similis 0.0274 0.0222 
Leaf beetle  Chrysomelidae Unknown sp.3 0.0012 0.0022 
Leaf beetle  Chrysomelidae Unknown sp.4 0.0016 0 
Leaf beetle  Chrysomelidae Unknown sp.5 0.0107 0.0044 
Leaf beetle  Chrysomelidae Unknown sp.6 0.0015 0.0022 
Leaf beetle  Chrysomelidae Unknown sp.7 0.0001 0.0022 
Leaf beetle  Chrysomelidae Lema pectoralis 0.0014 0.0044 
Leaf beetle  Chrysomelidae Menolepta bifasciata 0 0.0022 
Leaf beetle  Chrysomelidae Mimastra pallida 0.0005 0 
Leaf beetle  Chrysomelidae Phratora vitellinae 0.0145 0.0067 
Leaf beetle  Chrysomelidae Rhabdoscelus leprosus 0.0011 0.0044 
Leaf beetle  Languriidae Languria mozardi 0 0 
Leaf beetle  Cerambycidae Neospondylis sp 0 0 
Leaf beetle  Mordellidae Tolidopalpus nitidicoma 0.0051 0 
Leaf beetle  Mordellidae Tolidopalpus sp.1 0.0116 0 
Leaf beetle  Nitidulidae Carpophilus mutilatus 0.0002 0 
Leaf beetle  Cantharidae Mimopolemius sp.1 0.0021 0.0022 
Weevils  Curculionidae Alcidodes sp.1 0 0.0022 
Weevils  Curculionidae Hypomeces squamosus 0.0086 0 
Weevils  Curculionidae Omobaris calentus 0.0004 0 
Weevils  Curculionidae Sternochetus trigidus 0.0005 0.0022 
Weevils  Curculionidae Xylosandrus mongerus 0.0001 0.0067 
Unknown  Tenebrionidae Atoichus Pemanoa 0.0009 0 
Fruit fly Diptera Thepritidae Bractocera dorsalis 0.0005 0.0178 
Fruit fly  Thepritidae Unknwon sp.8 0.0013 0.0022 
Leaf miner  Agromyzidae Unknwon sp.9 0.0027 0.0089 
Leaf miner  Agromyzidae Chromatomyia sp.1 0.0028 0 
Leaf miner  Agromyzidae Liriomyza sp.1 0.0300 0 
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Leaf miner  Agromyzidae Ophiomyia sp.1 0.0060 0 
Scale Insect Hemiptera Coccidae Coccus viridis 0.0082 0 
Aphid  Aphididae Aphis tavaresi 0.0089 0.0089 
Leaf hopper  Cicadellidae Unknown sp.10 0.0023 0.0200 
Leaf hopper  Cicadellidae Unknown sp.11 0.0015 0.0067 
Leaf hopper  Cicadellidae Unknown sp.12 0.0015 0.0022 
Leaf hopper  Cicadellidae Idioscopus clypealis 0.0718 0.8267 
Leaf hopper  Ricaniidae Unknown sp.13 0 0.011 
Mealybugs  Pseudococcidae Planococcus citri 0.1179 0.0622 
Other bugs  Lygaeidae Unknown sp.14 0.0002 0.0044 
Psyllid  Carsidaridae Allocaridara malayensis 0.0270 1.2911 
Other bugs  Coreidae Physomerus grossipes 0.0014 0 
Other bugs  Pentatomidae Cappaea taprobanensis 0.0041 0.0067 
Other bugs  Pentatomidae Nezara viridula 0.0016 0 
Other bugs  Pyhrocorridae Dysdercus sp.1 0 0.0022 
Other bugs  Reduviidae Sycanus sp.1 0.0001 0 
Other bugs  Tingidae Unknown sp.15 0.0006 0 
Other bugs  Aleyrodidae Leptocorisa acuta 0.0012 0.0089 
Moth and Butterfly Lepidoptera Gracillariidae Unknown sp.16 0.0023 0 
Moth and Butterfly  Gracillariidae Unknown sp.17 0.0079 0.0200 
Moth and Butterfly  Psychidae Mahasena sp.1 0.0029 0.0044 
Moth and Butterfly  Licaenidae Unknown sp.18 0 0.0111 
Moth and Butterfly  Lymantriidae Unknown sp.19 0.0001 0 
Moth and Butterfly  Noctuidae Unknown sp.20 0.0029 0 
Moth and Butterfly  Pyralidae Citripestis sagittiferella 0.0276 0.0422 
Moth and Butterfly  Pyralidae Unknown sp.22 0.0010 0.0022 
Moth and Butterfly  Pyralidae Unknown sp.23 0.0035 0 
Thrips Thysanoptera Phlaeothripidae Haplothrips sp.1 0.0003 0.0067 
Thrips  Thripidae Megalurothrips usitatus 0.0061 0.0000 




Supplementary Table 2 Species list of insects in citrus trees of all studied sites. 
Common 
Name/Group 
Order Family Species 
Average/Site 
A  B  C 
Leaf beetle Coleoptera Meloidae Epicauta sp.1 0.0033 0.0039 0.0022 
Leaf beetle  Cerambycidae Unknown sp.1 0 0.0006 0 
Leaf beetle  Cerambycidae Unknown sp.2 0 0.0002 0 
Leaf beetle  Cerambycidae Neospondylis sp 0.0002 0.0002 0 
Leaf beetle  Chrysomelidae Aulacophora similis 0.0056 0.0092 0.0044 
Leaf beetle  Chrysomelidae Unknown sp.3 0.0002 0.0002 0 
Leaf beetle  Chrysomelidae Unknown sp.4 0.0011 0.0007 0 
Leaf beetle  Chrysomelidae Unknown sp.5 0.0022 0.0035 0.0044 
Leaf beetle  Chrysomelidae Unknown sp.6 0.0009 0.0004 0 
Leaf beetle  Chrysomelidae Unknown sp.7 0.0054 0.0009 0 
Leaf beetle  Chrysomelidae Lema pectoralis 0.0004 0.0004 0 
Leaf beetle  Chrysomelidae Menolepta bifasciata 0.0002 0 0 
Leaf beetle  Chrysomelidae Mimastra pallida 0.0002 0.0009 0 
Leaf beetle  Chrysomelidae Phratora vitellinae 0.0026 0.0031 0.0044 
Leaf beetle  Chrysomelidae Rhabdoscelus leprosus 0.0011 0.0009 0.0022 
Leaf beetle  Languriidae Languria mozardi 0 0.0005 0 
Leaf beetle  Mordellidae Tolidopalpus nitidicoma 0.0004 0 0 
Leaf beetle  Mordellidae Tolidopalpus sp.2 0.0024 0 0 
Leaf beetle  Nitidulidae Carpophilus mutilatus 0.0067 0.0037 0 
Leaf beetle  Cantharidae Mimopolemius sp.1 0.0013 0 0 
Weevils  Curculionidae Alcidodes sp.1 0 0.0002 0 
Weevils  Curculionidae Hypomeces squamosus 0.0104 0.0361 0 
Weevils  Curculionidae Omobaris calentus 0.0002 0.0002 0 
Weevils  Curculionidae Sternochetus trigidus 0.0011 0.0006 0 
Weevils  Curculionidae Xylosandrus mongerus 0.0004 0.0002 0 
Unknown  Tenebrionidae Atoichus Pemanoa 0 0.0002 0 
Fruit fly Diptera Thepritidae Bractocera dorsalis 0.003 0.0147 0.0111 
Fruit fly  Thepritidae Unknwon sp.8 0.0004 0.0013 0 
Leaf miner  Agromyzidae Unknwon sp.9 0.0009 0.0011 0.0178 
Leaf miner  Agromyzidae Chromatomyia sp.1 0.0024 0.0009 0 
Leaf miner  Agromyzidae Liriomyza sp.1 0.0124 0.0134 0.0044 
Leaf miner  Agromyzidae Ophiomyia sp.1 0.0033 0.0013 0 
Scale Insect Hemiptera Coccidae Coccus viridis 0.0011 0 0 
 69 
Aphid  Aphididae Aphis tavaresi 1.6480 6.1714 7.8289 
Leaf hopper  Cicadellidae Unknown sp.10 0.0015 0.0152 0.0022 
Leaf hopper  Cicadellidae Unknown sp.11 0 0.0005 0 
Leaf hopper  Cicadellidae Unknown sp.12 0 0 0 
Leaf hopper  Cicadellidae Idioscopus clypealis 0.0024 0.0049 0.0267 
Leaf hopper  Ricaniidae Unknown sp.13 0 0.0001 0.002 
Mealybugs  Pseudococcidae Planococcus citri 0.6320 0.2140 0.3622 
Other bugs  Lygaeidae Unknown sp.14 0.0011 0.0022 0.0000 
Other bugs  Tingidae Unknown sp.15 0.0004 0.0000 0 
Psyllid  Homoptera Allocaridara malayensis 0.0004 0.0026 0.2289 
Other bugs  Coreidae Physomerus grossipes 0 0 0 
Other bugs  Pentatomidae Cappaea taprobanensis 0.0117 0.0029 0.0111 
Other bugs  Pentatomidae Nezara viridula 0.0002 0.0017 0.0044 
Other bugs  Pyhrocorridae Dysdercus sp.1 0.0028 0.0004 0 
Other bugs  Reduviidae Sycanus sp.1 0.0009 0 0 
Other bugs  Aleyrodidae Leptocorisa acuta 0 0.0002 0 
Moth and Butterfly Lepidoptera Gracillariidae Unknown sp.16 0.0002 0.0002 0 
Moth and Butterfly  Gracillariidae Unknown sp.17 0.0002 0.0004 0.0022 
Moth and Butterfly  Licaenidae Unknown sp.18 0 0.0002 0.0022 
Moth and Butterfly  Lymantriidae Unknown sp.19 0.0002 0.0022 0.0044 
Moth and Butterfly  Psychidae Mahasena sp.1 0.0033 0.0016 0.0111 
Moth and Butterfly  Noctuidae Unknown sp.20 0.0002 0.0004 0 
Moth and Butterfly  Pieridae Unknown sp.21 0 0.0004 0 
Moth and Butterfly  Pyralidae Citripestis sagittiferella 0.0030 0.0040 0.0533 
Moth and Butterfly  Pyralidae Unknown sp.22 0 0.0005 0 
Moth and Butterfly  Pyralidae Unknown sp.23 0.0022 0 0 
Thrips Thysamoptera Phlaeothripidae Haplothrips sp.1 0.0024 0.0018 0 
Thrips  Thripidae Megalurothrips usitatus 0.0072 0.005 0.0022 










Ambusher Thomisidae Diaea sp.1 0.01438 0 
 Thomisidae Misumena sp.1 0.00478 0 
 Thomisidae Unknown sp.1 0.86486 0.3 
 Thomisidae Unknown sp.2 0.11463 0.1 
 Thomisidae Unknown sp.3 0.0144 0 
 Thomisidae Thomisus sp.1 0.043 0 
 Thomisidae Thomisus sp.2 0.01905 0 
 Thomisidae Xysticus sp.1 0.32942 0.06667 
 Thomisidae Xysticus sp.2 0.01916 0.13333 
 Thomisidae Xysticus sp.3 0.10989 0 
 Thomisidae Xysticus sp.4 0 0 
Foliage runners Clubionidae Clubiona sp.1 0.31048 0.33333 
 Clubionidae Clubiona sp.2 0.07161 0 
 Clubionidae Clubiona sp.3 0.04773 0.06667 
 Clubionidae Clubiona sp.4 0.20057 0.03333 
 Clubionidae Clubiona sp.5 0.05719 0.2 
 Clubionidae Clubiona sp.6 0.01925 0 
 Clubionidae Clubiona sp.7 0.14348 0 
 Clubionidae Clubiona sp.8 0 0 
 Clubionidae Clubiona sp.10 0 0.1 
Ground runners Lycosidae Lycosa sp.1 0.03816 0.03333 
 Lycosidae Pardosa sp.1 0 0 
Orb Weavers Araneidae Araneus praesignis 0.0763 0 
 Araneidae Araneus sp.1 0.02862 0.06667 
 Araneidae Araneus sp.2 1.50036 0.43333 
 Araneidae Araneus sp.3 0.39597 0.1 
 Araneidae Araneus sp.4 0.2674 0.2 
 Araneidae Araneus sp.5 0.11461 0.03333 
 Araneidae Araneus sp.6 0.435 0.36667 
 Araneidae Araneus sp.7 0.01912 0.03333 
 Araneidae Araneus sp.8 0 0 
 Araneidae Araniella sp.1 0.00478 0 
 Araneidae Cyrtarachne sp.1 0.30556 0.43333 
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 Tetragnathidae Tetragnatha dearmata 0.22463 0.13333 
 Tetragnathidae Tetragnatha sp.1 0.01909 0.03333 
 Araneidae Zygiella sp.1 0.00955 0 
Space web builder Dictynidae Dcytina sp.1 0.2438 0.1 
 Pholcidae Pholcus sp.1 0.08127 0.1 
Stalkers Salticidae Agorius sp.1 0.06204 0.16667 
 Salticidae Ballus sp.1 0.00957 0 
 Salticidae Chalcoscirtus sp.1 0.215 0.03333 
 Salticidae Chalcoscirtus sp.2 0.19558 0.13333 
 Salticidae Euophrys sp.1 0.03338 0 
 Salticidae Euophrys sp.2 0 0.16667 
 Salticidae Leptorechestes berolinensis 0.38194 0.13333 
 Salticidae Leptorechestes sp.1 0.42994 0.43333 
 Salticidae Leptorechestes sp.2 0.04769 0 
 Salticidae Marpissa sp.1 0.06197 0.03333 
 Salticidae Menemerus sp.1 0.01912 0 
 Salticidae Menemerus sp.2 0 0.03333 
 Salticidae Myrmachine formacaria 0.27701 0 
 Salticidae Myrmachine melanostrata 0.03336 0.03333 
 Salticidae Myrmarachne sp.1 0.03349 0 
 Salticidae Neon sp.1 1.34265 0.06667 
 Salticidae Neon sp.2 1.4755 0.36667 
 Salticidae Neon sp.3 0.12908 0.03333 
 Salticidae Neon sp.4 0.15774 0.03333 
 Salticidae Neon sp.5 0.59228 0.16667 
 Salticidae Neon sp.6 0.01431 0.1 
 Salticidae Neon sp.7 0.00478 0 
 Salticidae Neon sp.8 0.00955 0.03333 
 Salticidae Neon valentulus 0.26745 0.26667 
 Oxypidae Oxyopes sp.1 0.12399 0 
 Oxypidae Oxyopes sp.2 0.28654 0.16667 
 Oxypidae Oxyopes sp.3 0.31527 0.03333 
 Oxypidae Oxyopes sp.4 0.09549 0.2 
 Oxypidae Unknown sp.4 0.15284 0 
 Oxypidae Unknown sp.5 0.14810 0.03333 
 Oxypidae Plexippus sp.1 0.05728 0.03333 
 Oxypidae Salticus sp.1 0.0429 0.03333 
 72 
 Salticidae Sitticus sp.1 0.19595 0.26667 
 Salticidae Synageles sp.1 0.1717 0.1 
 Salticidae Synageles sp.2 0 0.16667 
 Salticidae Thianitara sp.1 0.00476 0 
Tangle weavers Linyphidae Drapetisca sp.1 0.08162 0 
 Linyphidae Erigone sp.1 0 0 
 Linyphidae Floronia sp.1 0.15788 0.03333 
 Linyphidae Floronia sp.2 0.08592 0.06667 
 Linyphidae Hypselistes sp.1 0.00478 0.03333 
 Linyphidae Micrargus sp.1 0.00957 0 
Unknown Liocranidae Liocranoeca sp.1 0.51083 0.13333 
 Liocranidae Liocranoeca sp.2 0.01429 0 
 Oonopidae Unknown sp.6 0 0 











A B C 
Ambusher Thomisidae Diaea sp.1 0.11429 0.01429 0 
 Thomisidae Misumena sp.1 0 0.03338 0 
 Thomisidae Unknown sp.1 0.02857 0.21925 0.2 
 Thomisidae Unknown sp.2 0.42921 0.01431 0.1 
 Thomisidae Unknown sp.3 0.01905 0.02381 0 
 Thomisidae Thomisus sp.1 0.00952 0.06671 0 
 Thomisidae Thomisus sp.2 0.02383 0.03812 0 
 Thomisidae Xysticus sp.1 0.02859 0.04769 0.03333 
 Thomisidae Xysticus sp.2 0.19103 0.03816 0.16667 
 Thomisidae Xysticus sp.3 0.00476 0.00478 0 
 Thomisidae Xysticus sp.4 0.00476 0.00952 0.03333 
Foliage runners Clubionidae Clubiona sp.1 0.30059 0.22889 0.96667 
 Clubionidae Clubiona sp.2 0.33853 0.06195 0.06667 
 Clubionidae Clubiona sp.3 0.02859 0.00952 0.03333 
 Clubionidae Clubiona sp.4 0.01429 0.07152 0 
 Clubionidae Clubiona sp.5 0.05238 0.00952 0.23333 
 Clubionidae Clubiona sp.6 0.01431 0.04295 0 
 Clubionidae Clubiona sp.7 0.02388 0.00955 0.03333 
 Clubionidae Clubiona sp.8 0 0 0.06667 
 Clubionidae Clubiona sp.10 0 0 0.13333 
Ground runners Lycosidae Lycosa sp.1 0.00478 0.02383 0.03333 
 Lycosidae Pardosa sp.1 0.03338 0.02383 0 
Orb Weavers Araneidae Araneus praesignis 0.07628 0.01905 0 
 Araneidae Araneus sp.1 0.04764 0.07637 0.06667 
 Araneidae Araneus sp.2 0.03821 0.14311 0.56667 
 Araneidae Araneus sp.3 0.37209 0.06671 0.43333 
 Araneidae Araneus sp.4 0.18116 0.03814 0.2 
 Araneidae Araneus sp.5 0.02383 0.00955 0.1 
 Araneidae Araneus sp.6 0.11946 0.19066 0.6 
 Araneidae Araneus sp.7 0.43890 0.02386 0.03333 
 Araneidae Araneus sp.8 0.02866 0.00955 0 
 Araneidae Araniella sp.1 0.00952 0.01907 0 
 Araneidae Cyrtarachne sp.1 0.05746 0.20968 0.83333 
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 Tetragnathidae Tetragnatha dearmata 0.02862 0.02386 0.2 
 Tetragnathidae Tetragnatha sp.1 0.18114 0.01431 0 
 Araneidae Zygiella sp.1 0.03821 0.00952 0 
Space web  Dictynidae Dcytina sp.1 0.1908 0.08576 0.06667 
builder Pholcidae Pholcus sp.1 0.02859 0.00476 0.03333 
Stalkers Salticidae Agorius sp.1 6.01042 0.08578 0.03333 
 Salticidae Ballus sp.1 0.02857 0.01429 0 
 Salticidae Chalcoscirtus sp.1 0.01429 0 0 
 Salticidae Chalcoscirtus sp.2 0.02383 0.04293 0.06667 
 Salticidae Euophrys sp.1 0.00476 0.01429 0 
 Salticidae Euophrys sp.2 0 0.00955 0.16667 
 Salticidae Leptorechestes berolinensis 0.01912 0.04288 0.03333 
 Salticidae Leptorechestes sp.1 0.10007 0.09544 0.1 
 Salticidae Leptorechestes sp.2 0.20524 0.03336 0 
 Salticidae Marpissa sp.1 0.04766 0.02383 0.06667 
 Salticidae Menemerus sp.1 0.01435 0.04766 0 
 Salticidae Menemerus sp.2 0 0 0.06667 
 Salticidae Myrmachine formacaria 0.08571 0.01431 0 
 Salticidae Myrmachine melanostrata 0.0954 0 0 
 Salticidae Myrmarachne sp.1 0.00955 0.00476 0.03333 
 Salticidae Neon sp.1 0.00476 0.17159 0.03333 
 Salticidae Neon sp.2 0.25305 0.30043 0.23333 
 Salticidae Neon sp.3 0.27186 0.00478 0.06667 
 Salticidae Neon sp.4 0.00952 0.14798 0.20000 
 Salticidae Neon sp.5 0.21946 0.05721 0.16667 
 Salticidae Neon sp.6 0.15284 0.02862 0.03333 
 Salticidae Neon sp.7 0.08585 0.00478 0 
 Salticidae Neon sp.8 0.00478 0.01431 0.2 
 Salticidae Neon valentulus 0.01431 0.13358 0.3 
 Oxypidae Oxyopes sp.1 0.12882 0.00478 0 
 Oxypidae Oxyopes sp.2 0.01429 0.03338 0.16667 
 Oxypidae Oxyopes sp.3 0.02381 0.00957 0 
 Oxypidae Oxyopes sp.4 0.00952 0.05723 0.2 
 Oxypidae Unknown sp.4 0.07621 0 0.03333 
 Oxypidae Unknown sp.5 0.00478 0.02383 0.06667 
 Oxypidae Plexippus sp.1 0 0.01905 0 
 Oxypidae Salticus sp.1 0.08576 0.00476 0 
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 Salticidae Sitticus sp.1 0.00476 0.02381 0.16667 
 Salticidae Synageles sp.1 0.05735 0.01429 0.03333 
 Salticidae Synageles sp.2 0 0 0.03333 
 Salticidae Thianitara sp.1 0.07626 0.01429 0 
Tangle weavers Linyphidae Drapetisca sp.1 0.0334 0.05243 0.03333 
 Linyphidae Erigone sp.1 0.02866 0 0 
 Linyphidae Floronia sp.1 0 0.05719 0.03333 
 Linyphidae Floronia sp.2 0.04780 0.02386 0.06667 
 Linyphidae Hypselistes sp.1 0.03345 0.00952 0 
 Linyphidae Micrargus sp.1 0.00955 0 0 
Unknown Liocranidae Liocranoeca sp.1 0.0669 0.04295 0 
 Liocranidae Liocranoeca sp.2 0.062 0 0.03333 
 Oonopidae Unknown sp.6 0 0 0.03333 
 Pscheridae Psechrus sp.1 0.02386 0.09057 0 
 
 
 
 
 
 
 
 
 
